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• The BOREAS TF-1 team collected energy, carbon dioxide, and momentum flux data above the canopy along with meteorological and soils data at the BOREAS SSA-OA site from mid-April to the end of the year for 1996. The data are available in tabular ASCII files. 
Data Set Introduction
The Tower Flux (TF)-01 team collected heat, carbon dioxide, and momentum fluxes along with meteorological, soil temperature, soil moisture, and tree bole temperature data measured from the BOReal Ecosystem-Atmosphere Study (BOREAS) Southern Study Area (SSA) Old Aspen (OA) tower. These data were collected between 01-April and 31-December-1996.
Objective/Purpose
The general objective was to study carbon dioxide and water vapor exchange between the forest and atmosphere at the SSA-OA site. Specific objectives were: • To measure the fluxes of sensible heat, H20 and CO2 above the aspen stand throughout the year.
• To obtain from the CO2 flux data estimates of gross photosynthesis and respiration. • To determine the contribution of the hazelnut understory to net ecosystem productivity (NEP).
•
To determine the effects of environmental factors on stand evapotranspiration and NEP.
• To take part in the development of procedures for scaling up component fluxes to the stand level.
• To study the processes controlling turbulent transfer of H20 and CO2 within the stand.
• To take part in the evaluation of methods of estimating nocturnal CO2 in and above the stand.
Summary of Parameters
From the tower, above the canopy, the following variables were measured: latent heat flux, sensible heat flux, net radiation, CO2 flux, CO2 concentration, momentum flux, Bowen ratio, air temperature, wind speed and direction, friction velocity, incident and reflected photosynthetic photon flux density (PPFD), incident and reflected shortwave and longwave radiation, water vapor concentration, relative humidity, precipitation, and air pressure. Under the canopy, the following measurements were collected to describe the soil and forest: soil heat flux, soil temperature, soil water potential, soil water content, and tree bole temperatures.
Discussion
In 1993 and 1994, the TF-01 group measured fluxes under the canopy at the SSA-OA site, while the TF-02 group measured above-canopy fluxes and profiles at that site. In 1996, the TF-01 group moved its equipment to the top of the 39 meter tower to measure above-canopy fluxes; this document describes the 1996 data collection effort. The fluxes of momentum, sensible heat, latent heat (water vapor), and carbon dioxide using the eddy correlation method were measured at 39 m height on the main flux tower beginning in April 1996. This system operated continuously through the rest of 1996. The eddy correlation system consisted of 3-dimensional sonic anemometer (model 1012R2A (Solent) Gill Instruments, Lymington, UK) with a 15 cm path length, an infrared gas (CO2/HzO) analyzer ( between two aluminum plates within the same housing as the analyzer, and then through the analyzer's sample cell. To prevent condensation in the sampling tubing, it was heated (2-3°C above ambient) by passing an electric current through 20-AWG nichrome wire (about 15 ohms resistance) coiled around the exterior of the tubing. The pump (model DOA-V191-AA diaphragm pump, Gast Inc., Dayton, OH) was located down stream of the sample cell resulting in the sample cell pressure being about 22 kPa less than atmospheric pressure. The IRGA was operated in absolute mode with dry air at zero CO2 concentration flowing through the reference cell at 25 cm3/min. The KH20 hygrometer was operated continuously to evaluate signal delay time and any attenuation resulting from the sample tubing (Leuning and King, 1992; Lee et al., 1994 (1968)) along a 20 m transect, average temperature of the surface 3 cm of the forest floor using two integrating thermometers, a soil temperature profile at depths of 2, 5, 10, 20, 50, and 100 cm (CSI direct-burial copper-constantan thermocouples); tree bole temperatures at 0.2, 4.0, 8.0, 12.0, and 15.8 cm into the bole (thermocouple wire); and soil water content using the time-domain reflectometry (TDR) technique (Hook and Livingston, 1996) , where two probes consisting of 3 stainless steel roads (3 mm diameter, 30 cm long, and 2 cm apart) were positioned horizontally at 8-cm (organic layer) and 15 cm (mineral layer) depths, and five 120 cm segmented rods (two thin stainless steel strips, 1.2 cm wide and 1.5 cm apart, bonded by an epoxy resin layer) were installed to measure average water content in 15-cm (0-30 cm) and 30 cm soil layers (30-120 cm depth).
Tree bole temperatures were measured in aspen trees using thermocouples placed in the bole at several depths determined from the north side of the tree. The temperatures were measured at 3.12 m height for the 0.2 cm depth, 3.16 m height for the 4.0 cm depth, 3.18 m height for the 8.0 cm depth (the center of the bole), at 3.16 m height for the 12 cm depth (4 cm depth from south side), and at 3.12 m height for the 15.8 cm depth (0.2 cm depth from south side). In addition, a measurement of the hazelnut stem temperature was made at 0.7 m height and 0.2 cm depth. 
4.2.3
Other Calibration Information None.
Data Acquisition Methods
The eddy covariance system consisted of a 3-D sonic anemometer/thermometer (SOLENT 1012R2A) for detecting the three velocity components and air temperature, the latter being derived from the speed of sound following Kaimal and Gaynor (1991) , an open-path H20 krypton gas analyzer for measuring water vapor density in the air, and a closed-path dual H20/C02 IRGA (LI-COR 6262) for measuring water vapor density and CO2 concentration in the air. The Solent sampled the wind speed components at 20.83 Hz, and its analog-to digital converter sampled the LI-COR signals at 10 Hz. Prior to sampling, the latter signals had been passed through a passive filter with a 7 Hz cut-off frequency.
Spectral analysis showed that frequencies above 1 Hz made almost no contribution to fluxes. For the flux system, all raw data were recorded using PC systems with backup tape drives. Half-hour fluxes were calculated online. For other measurements, all those data were recorded by data loggers (model 21X, Campbell Scientific, Inc., Logan, UT), which were networked together, using the model MD-9 network interface, along with the main system. Every 3 hours, this network automatically transferred (using PC ANYWHERE software, Symantec Corp.) all data from the loggers to a network computer.
This computer was accessed from our laboratory at UBC through a communication system, which comprised a modem, cellular phone, and Yagi antenna at the site, and a phone and modem in the laboratory.
The Yagi antenna was mounted above the trees, and the cellular phone was housed in a thermostatically controlled box near the antenna. At midnight, the site computer compressed the previous 24 hours of half-hour flux data, called the laboratory, and in 3 minutes transferred (using Kermit file transfer software) the compressed data to the laboratory computer. 
Data

7.2.3
Temporal Resolution The data reported are 30-minute statistical mean values.
Data Characteristics
Parameter/Variable
The parameters contained in the data files on the CD-ROM are:
Column Name SITE NAME 
Unit of Measurement
The measurement units for the parameters contained in the data files on the CD-ROM are:
Column Name Units SITE NAME [IRGA]
[IRGA]
[thermometer]
[Solent sonic anemometer]
[thermocouple]
[thermocouple] [TDR]
[TDR]
[dewpoint hygrometer]
[tipping bucket rain gauge]
[pyranometer]
[pyrgeometer]
[barometer] 
Sample
Data Record The following are wrapped versions of data record from a sample data file on the CD-ROM.   SITE  NAME,SUB  SITE,DATE  OBS,TIME  OBS,SENSIBLE  HEAT  FLUX  ABV  CNPY,   LATENT  HEAT  FLUX  ABV  CNPY,NET  RAD  ABV  CNPY,  SOIL  HEAT  FLUX  3CM  i,   SOIL HEAT FLUX 3CM 47SOIL HEAT FLUX 3CM 6,SOIL HEAT FLUX 3CM 7,   SOIL  HEAT  FLUX  3CM  8,SOIL  HEAT  FLUX  3CM  9,SOIL  HEAT  FLUX  8CM, CO2  FLUX  ABV  CNPY,   CO2  CONC  ABV  CNPY,CO2  CONC  39M, CO2  CONC  28M, CO2  CONC  22M, CO2  CONC  18M,   CO2  CONC  10M, CO2  CONC  4M, CO2  CONC  2M, CO2  CONC  50CM,  BOWEN  RATIO -96,0,71.004,22.942,209.19,21.89,18.25, 25.16,15.71,14.27,14.59,21.03,-.3088,360.12,-999.0,-999.0,-999.0,-999.0, -999.0,-999.0,-999.0,-999.0,2.755,-.035,665.92,22.477,152.14,.905,.188,.716 .15,6.85,-999.0,-999.0,-999.0,-999.0,-999.0,-999.0,-999.0,-999.0,20.871, 19.806,20.203,12.12,10.591,10.011,8.502,5.983,4.139,13.21,15.69,-.031,-.031 -.032,.58,.44,.37,.36,.34,26.505,34.811,-999 30, 55.252, 55.375, 121 15, 20.78, 17.01 23.49, 15.4, 13.57, 13.87, 19.59, 1.3347, 360.11, .888, 505.26, 16.884, 64.246, 2.261, .488, 2.556, .293, 7.983, 20.447, 19.835, 20.047, 11.98, 10.55, 10.0, 8.54, 5.99, 4.143, 13.09, 15.32, .58, .44, .37, .36, .34, 30.952, 38.186, 0.0, 242.5, 93.91, 'CPI', 8. Data Organization
Data Granularity
The smallest unit of data tracked by the BOREAS Information System (BORIS) was data collected at a given site on a given date.
Data Format
The 
Calculations
Special
Corrections/Adjustments WPL corrections were made to the water vapor and carbon dioxide fluxes measured using the closed-path LI-COR 6262 IRGA. Broadening correction was done, but not online (see Chen et al., 1998 , for summary of theory).
Calculated
Variables The Bowen ratio is the ratio of the sensible to latent heat flux. See Black et al., 1996; Chen et al., 1998; Blanken, 1997; and Yang, 1998 .
Graphs and Plots
Errors
Sources of Error
None given. 
Quality
